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CIRCUIT BREAKER WITH 
INDEPENDENT TRIP AND RESET LOCKOUT 

BACKGROUND 

S 1. Field 

The present application relates to a family of resettable circuit brealcers that include 
a reset lockout operation and optionally an independent trip operation, and to power 
distribution systems in which such circuit breakers are utilized. More particularly, the 
present application is directed to circuit breakers that include a reset lock out capable of 
10 preventing the circuit breaker from resetting if a circuit interrupting portion used for fault 
protection is not functioning properly and/or if an open neutral condition exists. In 
addition, a trip portion may be added to the circuit breaker to permh the breaker to be 
tripped ind^cndent of the operation of the circuit interrupting portion. 
2. DescriptiQp gf |hg BfilHPt An 
15 The electrical wiring device industry has witnessed an increasing call for circuit 

interrupting devices or systems which are designed to interrupt power to various loads, 
such as household appliances, consumer electrical products and branch circuits. In 
particular, electrical codes require electrical circuits in home badirooms and kitchens to be 
equipped with ground fault circuit protection. Presendy available GFCI devices, such as 
20 the GFCI receptacle described in commonly owiuxl U.S. Patent 4,595,894, use an 
electrically activated trip mechanism to mechanically break an electrical connection 
between one or more input and output conductors. Such devices are resettable after they 
are tripped by, for example, the detection of a ground fault. In the device discussed in the 
*894 patent, the trip mechanism used to cause the mechanical breaking of the circuit (i.e., 
25 the connection between input and output conductors) includes a solenoid (or trip coU). A 
test button is used to test the trip mechanism and circuitry used to sense faults, and a reset 
button is used to reset the electrical coxmection between 'mput and output conductors. 
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However, instances may arise where an aboonnat condition, caused by for example 
a lightning strike, occurs which may result not only in a surge of electricity at the device 
and a tripping of the device but also a disabling of the trip mechanism used to cause the 
breaking of the circuit. This may occur without the knowledge of the user. Under such 
S circumstances* an unknowing user faced widi a GFCI which has tripped may press the reset 
bunon which, in turn, will cause the device wkh an inoperative trip mechanism to reset 
without the grotmd fault protection available. 

Further, an open neutral condition, which is defined in Underwriters Laboratories 
(UL) Standard PAG 943A, may exist with the electrical wires supplying electrical power to 
10 such GFCI devices. If an open neutral condition exists with the neutral wire on (he line 
(versus load) side of the GFCI device, an instance may arise where a current path is 
created from the phase (or hot) wire supplying power to the GFCI device through the load 
side of the device and a person to ground. In the event that an open neutral condition 
exists, current GFCI devices which have tripped, may be reset even though the open 
15 neutral condition may remain. 

Commonly owned Patent No. 6,040,967, issued March 21. 2000, which is 
incorporated herein in its entirety by reference, describes a family of resettable circuit 
interrupting devices capable of locking out the reset portion of the device if the circuit 
interrupting portion is non-operational or if an open neutral condition exists. Commonly 
20 owned application Serial No 09/l75,22S, filed October 20, 1998, which is incorporated 
herein in iis entirety by reference, describes a family of resettable circuit interrupting 
devices capable of locking out the reset portion of die device if the circuit intenupting 
portion is non-operational or if an open neutral condition exists and capable of breaking 
electrical conductive paths independent of the operation of the circuit interrupting portion. 
25 Current resettable circuit breakers with fault protection capabilities, such as the 

HOM-GFl series of GFCI circuit breakers manufacmred by Square-D Company, Pahitme. 
Illinois, have line and load power and neutral coimections and a switch for controlling 
power distribution to a load. To provide fault protection, such circuit breakers have sense 
circuitry and linkage to the switch, which are capable of sensing faults (e.g.. ground faults) 
30 between the load power and the line neutral conductors and opening the switch. A test 
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button accessible from an exterior of the breaker is used to test the operation of the fault 
protection ponion of the breaker when depressed. However, like conventional resettable 
recepucles, conventional resettable circuit breakers do not Include either a reset lockout or 
an independent trip portion. 
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SUMMARY 

The present application relates to a family of resecuble circuit breakers having fault 
protection capabihties. The circuit breakers according Co the present application include a 
circuit interrupting portion, a reset portion and a reset lockout portion. The circuit 
S breakers oaay also include an independent trip portion. The reset lockout portion inhibits 
the resetting of the circuit breaker if the circuit intenupting portion is non-operational or if 
an open neutral condition exists. The crip ponion operates independently of the circuit 
interrupting portion and facilitates tripping of the circuit breaker whether or not the circuit 
interrupting portion is operating properly. 
10 In one embodimeiu, a CFCI circuit breaker having a housing, a ciicuit interrupting 

portion, a reset portion and a reset lockout portion is provided. Preferably^ the housing 
has line phase and load phase connections that are accessible from an exterior of the 
housing and a conductive path within the housing between the line and load phase 
connections. The ciicuit interrupting portion is disposed within the housing and is 
15 configured to open the conductive path upon the occurrence of a grotmd fauh. Examples 
of faults contemplated include ground faults, arc fuilts, immersion detection faults, 
appliance leakage faults and equipment leakage £uilts. The reset portion includes an 
actuator that is also accessible from the exterior of the housing, and is configured to close 
the conductive path upon actuation. Preferably, the reset lockout portion inhibits the 
20 closing of the conductive path if the circuit interrupting portion is non-operational or if an 
open neutral condition exists. The reset lockout portion may be an active type lockout that 
prevents the resetting of the conductive path, or a passive type lockout whose 
characteristics inherently inhibit the resetting of the conductive path. 

The circuit breaker may optionally include a trip portion disposed at least partially 
25 within the housing. The trip portion is configured to open the conductive path 
independently of the operation of the circuit interrupting portion. Thus, in this 
configuration, if the circuit interrupting ponion is not operating properly, the circuit 
breaker can still be tripped but it cannot be reset, since the reset operation utilizes the 
circuit interrupting portion when resetting the breaker. 
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The present appltcaiton also provides a method for testing the operation of a circuit 
breaker having a housing with line and load phase connections accessible from an exterior 
surftce of the housing, and a conductive path between the line and load phase connectioas. 
The method includes the steps of: I) manually activating a u-ip portion of the circuit 
5 breaker to open the conductive path and to enable a reset lockout portion that inhibits 
closing the conductive path; and 2) activating a reset portion to perform a reset operaticm. 
During the reset operation a circuit interrupting portion is activated, and if the circuit 
interrupting portion is operational the circuit interrupting portion disables the reset lockout 
portion and facilitates closing of the conductive path. If, however, the circuit interrupting 

10 portion is not operating properly, the reset lockout portion remains enabled so that closing 
the conductive path is inhibited. 

The present application also provides a circuh interrupting system that includes a 
source of power, a circuit breaker, having for example the above described independent 
trip and reset lockout portions, connected to die source of power, and at least one load 

15 connected to the circuit breaker. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the presem application are described herein with 
reference to the drawings In which similar elements are given similar reference characters, 
wherein: 

5 Fig. I is a perspective view of an exemplary ground fault circuit intemipting device 

according to the present application; 

Fig. 2 is side elevational view, partly in section, of components of an independent 
trip mechanism and a reset mechanism for the GFCI device shown in Fig. 1, illustrating 
the components when the circuit interrupting device is in a set or circuit making position; 
'0 Fig. 3 is a side elevational view similar to Fig. 2, illustrating components of the 

independent trip mechanism when the circuit interrupting device is in a circuit brealcing 
position; 

Fig, 4 is a side elevational view similar to Fig. 2. iUustrating the components of the 
reset mechanism during reset operation of the circitit Interrupting device; 
15 Figs. 5-7 are schematic representations of one embodiment of the reset mechanism 

of the present application, illustrating a latching member used to make an electrical 
connection between input and output conductors and to relate the reset mechanism with the 
operation of the circuit interrupter; 

Fig. 8 is a schematic diagram of a circuit for detecting ground faults and resetting 
20 the circuit interrupting device of Fig. 1 ; 

Fig. 9 is side elevaUonal view, partly in section, of components of an alternative 
embodiment of the independent trip mechanism, illustrating the components when the 
circuit Intem^iting device is in a set or circuit making position; 

Fig. 10 is a side elevational view similar to Fig. 9, illustrating components of the 
25 alternative independent trip mechanism when the circuh interrupting device is in a circuit 
breaking poshion; and 

Fig. 11 is a block diagram of a circuit interrupting system according to the present 
application that incorporates a ground fault circuit interrupter receptacle; 

Fig. 12 is a perspective view of an exemplary groimd fault circuit interrupthig 
30 circuit breaker according to the present application; 
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Pig. 13 is a cross sectional view of the GFCI circuit breaker of Fig. 12, taken along 
line A-A, illustrating the breaker in an *on* state; 

Fig. 14 is a cross sectional view of the GFCI circuit breaker of Fig. 12 similar to 
Fig. 13 and illustrating the breaker in a 'tripped' state; 
5 Fig. 15 is a cross sectional view of the GFCI circuit breaker of Fig. 12 similar to 

Fig 13 and illustrating the breaker with the reset lockout in a lockout position; 

Fig. 16 is a cross sectional view of the GFCI circuit breaker of Fig. 12 similar to 
Fig. 15 and illustrating the reset lockout removed from the lockout position; 

Fig. 17 is a cross sectional view of the GFCI circuit breaker of Fig. 12 similar to 
10 Fig. 13 and Olustrating the breaker in an 'off sute; 

Fig. 18 is a cross sectional view of the GFCI circuit breaker of Fig. 12 similar to 
Fig. 13 and illustrating partial activation of the independent trip portion of the breaker; 

Figs. 19 and 20 are circuit diagrams for various embodiments of the sensing 
circuitry used to sense ground foults and switching configurations for a reset enable switch 
15 assembly used when resetting the circuit breaker; 

Fig. 21 is another alternative switching configuration for the reset enable switch 
assembly used when resetting the circuit breaker; 

Fig. 22 is a block diagram for the fault sensing circuitry for detecting arc faults; 
Fig. 23 is a schematic diagram of the monitoring/interrupting circuitry for the fault 
20 sensing circuitry of Fig. 22; 

Fig. 24 is a schematic diagram of the processing circuitry for the fault sensing 
circuitry of Fig. 22; 

Fig. 25 is schematic diagram of the monitoring/interrupting circuitry for a circuit 
breaker with combined fault detection capabilities, illustrating circuitry capable of 
25 monitoring ground faults and circuitry capable of monitoring arc faults; 

Fig. 26 is a block diagram for the fault sensing circuitry for detecting multiple types 
of faults; 

Fig. 27 is schematic diagram of the monitoring/interrupting circuitry for a circuit 
breaker with combined fault detection capabilities, illustrating circuitry capable of 
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monitoring ground faults and circuitry capable of monitoring arc faults at both the line side 
and the load side; 

Fig. 28 is a schematic diagram of the processing circuitry for detecting arc faults on 
the line side of the fault sensing circuitry of Fig. 26; 
5 Fig. 29 Is a schematic diagram of the processing circuiuy for detecting arc faults on 

the load side of the fault sensing circuitry of Fig. 26: 

Fig. 30 is a schematic diagram for the arc fault trigger generator for the fault 
sensing circuitry of Fig. 26; 

Fig. 3 1 is a schematic diagram of an alternative embodiment for die SCR trigger 
10 circuit; and 

Fig. 32 is a block diagram of an exemplary circuit interrupting system for home 
power dbtribution system incorporating a GFCI circuit breaker havmg a reset lockout 
operation according to the present application. 



15 
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DETAILED DESCiaPTION 

Rcsettable Circuit Internipttng Devices 

The present application relates to a family of resettable circuit interrupting devices 
for breaking and making electrical connections between input and output conductive paths 
5 associated with the devices and to systems incorporating such devices. The family of 
devices include: ground fault circuit interrupters (GFCCs), arc fault circuit interrupters 
(AFCPs), immersion detection circuit interrupters (IDCrs), appliance leakage circuit 
internipters (ALCrs) and equipment leakage circuit interrupters (£LCI*s). Generally, each 
circuit interrupting device according to the present appltcatioo has a circuit interrupting 

10 portion, a reset portion and reset lockout ponton, and an optional trip portion, uiiich will 
be described in more detail below. 

The circuit interrupting and reset portions preferably use electro-mechanical 
components to break and make the conductive path Iwtween input and output conductors. 
More panicularly, the circuit interrupting portion is used to break electrical contimiicy 

15 between ii^ut and ouq}ut conductive paths (or conductors) upon the detection of a fault. 
Operation of the reset and reset lockout portions is in conjunction with the operation of the 
circuit interrupting portion, so that the electrical connection between conductive paths 
camiot be reset if the circuit interrupting portion is noo-operatiooal and/or if an open 
neutral condition exists. 

20 The trip portion preferably operates independently of the circuit intemiptiog portion 

so that in the event the circuit interrupting portion becomes non-operational the device can 
still be tripped. Preferably, the trip portion is manually activated an d uses mechanical 
components to break the electrical coimections. However, the trip portion may use 
electrical circuitry and/or electro-mechanical components to break the electrical 

25 cotmections. 

For the purpose of the present application, the structure or mechanisms, used in the 
circuit interrupting devices, shown in the drawings and described hereinbelow are 
incorporated into GFCI receptacles suitable for installation in a single-gang junction box in 
a home, and GFCI circuit breakers suitable for instaliation in a circuit breaker panel. 
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However, the mechanisms according Co the present application can be included in any of 
the various devices in the fiunily of resettable circuit intemipdng devices. 

Turning now to Pig. 1 , an exemplary GPCI recepucle is shown. The GFCI 
receptacle 10 has a housing 12 consisting of a relatively central body 14 to which a face or 
5 cover portion 16 and a rear portion 18 are removably secured. The face portion 16 has 
entry ports 20 for receiving normal or polarized prongs of a male plug of the type nonnaUy 
found at the end of a lamp or appliance cord set (not shown), as well as ground-prong- 
receiving openings 22 to accommodate a three-wire plug. The receptacle also includes a 
mounting suap 24 used to fasten the receptacle to a junction box. 

10 A trip actuator 26» preferably a bunon, which is part of the trip portion to be 

described in more detail l>elow, extends through opening 28 in the face portion 16 of the 
housing 12. The trip actuator is used, in this exenq>lafy embodiment, to mechanically trip 
the GFCI receptacle, i.e., break the elecuical connection between input and output 
conductive paths, independent of the operation of the circuit interrupting portion. 

15 A reset acmator 30. preferably a button, which is part of the reset portion, extends 

through opening 32 in the face portion 16 of the housing 12. The reset button is used to 
activate the reset operation, which rc-csublishes electrical continuity between the input and 
output conductive paths, i.e., resets the device, if the circuit interrupting portion is 
operational. 

20 Elecuical connections to existing household electrical wiring are made via binding 

screws 34 and 36, where screw 34 is an input (or line) connection point and screw 36 is an 
output (or load) connection point. It should be noted that two additional binding screws 
(not shown) are located on the opposite side of the receptacle 10. Similar to binding 
screws 34 and 36, these additional binding screws provide input and output connection 

25 points. Further, the ii^iut coimectlons are for line side phase (hot) and neutral conductors 
of the household wiring, aod the output connections are for load side phase (hot) and 
neutral conductors of the household wiring. The plug connections are also considered 
output conductors. A more detailed description of a GFCI receptacle is provided in U.S. 
Patent 4,595,894 which is incorporated herein in its entirety by reference. It should also 

30 be noted that binding .screws 34 and 36 are exemplary of the types of wiring terminals that 
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can be used co provide the electrical connections. Examples of other types of wiring 
terminals include set screws* pressure clamps, pressure plates, push-in type connections, 
pigtails and quick-connect tabs. 

Referring to Pig. 2» the conductive path between the input connection point 34 and 
5 the output connection point 36 (or the entry ports 20) includes contact arm 70 which is 
movable between stressed and unstressed positions, movable contact 72, fixed contact 74 
and contact arm 76. A movable latching member 60 and contacts 72 and 74 are used to 
make and break the conductive path. 

There is also shown in Fig. 2. mechanical components used during circuit 
10 interrupting and device reset operations according to one embodiment of the present 

application. Although these components shown in the drawings are electro-mechanical in 
nature, the present application also contemplates using semiconductor type cin^iit 
interrupting and reset components, as well as other mechanisms capable or making and 
breaking electrical continuity. 
15 The circuit interrupting portion has a circuit interrupter and electronic circuitry 

capable of sensing faults, e.g.. current imbalances, on the hot and/or neutral conductors. 
In a preferred embodiment for the GFCI reccpucie, the circuit interrupter includes a coil 
assembly 50, a plunger 32 responsive to the energizing and de-energizing of the coil 
assembly and a banger 54 connected to the plunger 52. The banger 54 has a pair of banger 
20 dogs 56 and 58 which interact with movable latching member 60 used to set and reset the 
connection between input and output conductors. The coil assembly 50 is activated in 
response to the sensing of a ground foult by. for exan^ile, the sense circuitry shown in Fig. 
8. Fig. 8 shows conventional circuitry for detecting ground faults that includes a 
diffierential transformer that senses current imbalances. 
25 The reset portion includes reset button 30, movable latching member 60 connected 

to the reset button 30, latching linger 64 and reset contacts 62 and 63 that temporarily 
activate the circuit interrupting portion when the reset button is depressed. Preferably, the 
reset contacts 62 and 63 arc normally open momentary contacts. The latching finger 64 is 
used to engage side R of the contact arm 70 and move the arm 70 back to its suessed 
30 position where contact 72 touches contact 74. 
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The movable latdung member 60 is, ia ihis embodiment, common to each portion 
(i.e.t the trip, circuit intemiptuig, reset and reset lockout ponions) and used to facilitate 
making, breakiiig or locking out of the electrical connectioos between the input and output 
conductive paths. However, ttie circuit interrupting devices according 
5 to the present application also contemplate embodiments where there is no conmion 
mechanism or member between each portion or between certain portions. 

in the embodiment shown in Fig. 2 and 3, the reset lockout portion includes 
latching fmger 64 which after (he device is tripped, engages side L of the movable arm 70 
and blocks the movable arm 70 from moving so that contacts 72 and 74 are prevented from 

10 touching. In this embodiment, latching finger 64 acts as an active uihibicor that prevents the 
contacts from touching. Alternatively, the natural bias of movable arm 70 can be used as a 
passive inhibitor that prevents contacts 72 and 74 from touching. 

Referring now to Figs. 2-4, the mechanical compoiienu» of the circuit interrupter 
and reset mechanisms in various stages of operation are shown. In Fig. 2, the GFCI 

15 recepucle is shown in a set position where movable contact arm 70 is in a stressed 

condition so that movable contact 72 is in electrical engagement with fixed contact 74 of 
contact arm 76. If the sensing circuitry of the GFCI receptacle senses a ground faulty the 
coil assembly 50 is energized to draw plunger 52 into the coil assembly 50 .so that banger 
54 moves upwardly. As the banger moves upwardly, the banger front dog 58 strikes the 

20 latch member 60 causing it to pivot in a counterclockwise direction C atx>ut the joint 

created by the top edge 82 and iimer surface 84 of finger 80. The movement of the latch 
member 60 removes the latching finger 64 from engagement with side R of the remote etui 
73 of the movable contact arm 70, and permits contact arm 70 to return to its pre-stressed 
condition opening contacts 72 and 74, seen in Fig 3. It should be noted thai the description 

25 thus far has been in terms of a single latch member 60 and a single contact arm 70. 

However, there are preferably two sets of latch members 60 and contact arms 70: one set 
for the phase (or hot) conductors (line and load side); and the other set for the neutral 
conductors (Line and load side). Further, the banger 54 preferably has two sets of banger 
dogs: one set for the phase conductors Qmc and load side); and the other set for the neuu^l 

30 conductors (line and load side). 
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After tripping* the coil assembly 50 is de-energized so that spring S3 returns 
plunger 52 to its original extended position and banger 54 moves to its original position 
releasing latch member 60. At this time the latch member 60 Is in a lockout position where 
latch finger 64 Inhibits movable contact 72 from engaging fixed contact 74, as seen in Pig. 
5 6. As noted, latching finger 64 acts as an active inhibitor that prevents the conUcts from 
touching. Alternatively, the natural bias of movable ann 70 can be used as a passive 
inhibitor that prevents contacts 72 and 74 from touching. 

To reset the GFCI receptacle so that contacts 72 and 74 are closed and continuity 
between the input and output conductors is reestablished, ihe reset button 30 is depressed 

10 sufficiently to overcome the bias force of return spring 90 and move the latch member 60 
in the direction of arrow A, seen in Fig. 4« While the reset button 30 is being depressed, 
latch fmger 64 contacu side L of the movable contact arm 70 and continued depression of 
(he reset button 30 forces the latch member to overcome the stress force exerted by the arm 
70 causing the reset contact 62 on the arm 70 to close on reset comact 63. Closing the 

15 reset contacts activates the operation of the circulc interrupter by, for example simulating a 
fault, so that plunger 52 moves the banger 54 upwardly so that the banger dog 58 strikes 
the latch member 60 pivoting the latch member in the direction of arrow C while the latch 
member 60 continues to move in the direction of arrow A. As a result, the latch fmger 64 
is lifted over side L of the remote end 73 of the movable conuct arm 70 onto side R of the 

20 remote end of the movable contact arm. as seen in Fig. 7. Contact arm 70 returns to its 
imsiressed position opening contacts 62 and 63, so as to terminate the activation of the 
circuit interrupting ponion. thereby de^energizing the coil assembly 50. 

After the circuh interrupter operation is activated, the coil assembly 50 is de- 
energized so that so that plimger 52 remms to its original extended position, and banger 54 

25 releases Che latch member 60 so that the latch finger 64 is in a reset position, seen in Fig. 
5. Release of the reset buaon causes (he latching member 60 and movable contact arm 70 
to move in the direction of arrow B umil contact 72 electrically engages contact 74. 

Referring again to Figs. 2 and 3 the trip portion according to this embodiment the 
present application includes a trip actuator 26. preferably a bunon. that is movable between 

30 a set position, where contacts 72 and 74 are permiued to close or make contact, as seen in 
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Fig. 2, and a trip position where contacts 72 and 74 aie caused to open, as seen in Fig. 3. 
Spring 100 normally biases trip button 26 tou^ard the set position. The trip portion also 
includes a trip arm 102 that extends from the trip button 26 so that a surface 104 of the trip 
arm 102 moves into contact with the movable latching member 60, when the trip button is 
5 moved toward the trip position. When the trip button 26 is in the set position, surface 104 
of urip arm 102 can be in contact with or close proximi^ to the movable latching member 
60, as seen in Fig. 2. 

In operation, upon depression of the trip button 26. the tnp button pivots about 
point T of pivot arm 106 extending from strap 24 so that the surface 104 of the trip arm 

10 102 can contact the movable latching member 60. As the trip button is moved toward the 
trip position* trip arm 102 also enters the path of movement of the finger 80 associated 
with reset button 30 thus blocking the finger 80 from further movement in the direction of 
arrow A. By blocking the movement of the finger 80« die trip arm 102 inhibits the 
activation of the reset operation and, thus, inhibits simultaneous activation of the trip and 

15 reset operations. Further depression of the trip button 26 causes the movable latching 

member 60 to pivot about point P (Fig. 3) in the direction of arrow C. Pivotal movement 
of the latching member 60 causes latching finger 64 to move out of contact with the 
movable contact arm 70 so tliat the arm 70 returns to its unstressed condition, and the 
conductive path is broken. Resetting of the device is achieved as descrit>ed above. 

20 An alternative embodiment of the crip ponion wilt be descril>ed with reference to 

Figs. 9 and 10. In this embodiment, the trip portion includes a trip button 26 that is 
movable between a set position, where comacts 72 and 74 are permitted to close or make 
contact, as seen in Fig. 9, and a trip position where conucts 72 and 74 are caused to open, 
as seen in Fig. 10. Spring 110 normally biases trip button 26 toward the set position. The 

25 trip portion also includes a trip arm 1 12 that extends from the trip button 26 so that a distal 
end 1 14 of the trip arm is in movable contact with the movable latching member 60. As 
noted above, the movable latching member 60 is, in this embodiment, common to the trip, 
circuit interrupting, reset and reset lockout portions and used to make, break or lockout the 
electrical connections between the input and output conductive paths. 
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lo this embodiment, the movable latching member 60 includes a ramped ponion 60a 
which facilitates opening and closing of electrical contacts 72 and 74 when the trip button 
26 is moved between the set and trip positions, respectively. To illustrate, when the trip 
button 26 is inihe set position, distal end 1 14 of trip ann 1 12 contacts the upper side of the 
S ramped portion 60a, seen in Fig. 9. When the trip button 26 is depressed, the distal end 
1 14 of the trip arm 1 12 moves along the ramp and pivots the latching member 60 about 
point P in the direction of arrow C causing latchbg fingers 64 of the latching member 60 
to move out of contact with the movable contact arm 70 so that the arm 70 returns to its 
unstressed condition, and the conductive path is broken. Resetting of the device is 

10 achieved as described above. 

Using the reset lockout feature described above permits the resetting of the GFCl 
device or any of the other devices In the family of circuit intemipting devices only if the 
circuit intemipting ponion is operational. Thus, testing of the circuit interrupting portion 
occurs during the reset operation. Further, If the circuit Intemqsting portion becomes non- 

IS operational after the device is set, the iodcpendeni trip mechanism can still trip the device. 
In other words, the circuit Interrupting device according to the present application can be 
tripped wtiether or not the circuit intemipiing portion is operating properly. 

The circuit interrupting device according to the present application can be used in 
electrical systems, shown in the exemplary block diagram of Fig. 11. The system includes 

20 a source of power 120, such as ac power in a home, at least one circuit interrupting device 
10 electrically connected to the power source, and one or more loads 122 connected to the 
circuit intemipting device. As an example of one such system, ac power supplied to single 
gang junaion box in a home may be connected to a GFCI receptacle having the above 
described independent trip and reset lockout features. Is installed in the junction box. 

2S Household ^qypliances that are then plugged into the receptacle become the load or loads of 
the system. 

Circuit Breakers 



As noted above, various types of circuit interrupting devices arc contemplated by 
the present application. The resettable receptacle with fault protection described above is 
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one example. Another example is a resectable circuit breaker with fault protection. 
Generally, such circuit breakers are used as resettable branch circuit protection devices* 
^ich are capable of opening a conductive path supplying electrical power to various loads 
in a power distribution system (or sub-system) if a fault occurs or if the current rating of 
5 ttie circuit breaker is exceeded. Such circuit breakers are also capable of being reset to 
close the conductive path. The conductive path is typically divided between a line side and 
a load side. Thus, the circuit breaker has line and load phase (or power) connections. The 
line side has a line phase connection and the load side has a load phase connection. The 
line phase connection connects to supplied power and the load phase connection connects to 

10 one or more loads. The connections are connection points where external conductors can 
be connected to the circuit breaker. These connections may be, for example, electrical 
fostening devices, such as binding screws, lugs or binding plates, that secure the external 
conductor to the circuit breaker, as well as conduct electricity. 

As noted above, the circuit breakers according to the present application can 

15 provide fault protection for various types of faults or combination of faults. Examples of 
the various faults contemplated include ground faults, arc fault, immersion detection faults, 
appliance leakage laults and equipment leakage faults. Although many various types of 
fault protection circuit breakers are contemplated, the following descriptions arc for GFCI 
circuit breakers and AFCl circuit breakers. 

20 Ground Fault Circuit Interrupter Circuit Breakers 

An exemplary embodiment of a GFCI circuit breaker incoiporating a reset lockout 
will now be described. Generally, each GFCI circuit breaker according to tbe present 
application has a circuit interrupting portion, a reset poition and a reset lockout. The 
GFCI circuit breaker may also include a trip portion that operates independendy of the 

25 circuit interrupting portion. 

The circuit interrupting and reset portions preferably use elcctro*mcchanicaJ 
components to break (open) and make (close) the conductive path between die line and load 
phase coimecdons. However, electrical components, such as solid state switches and 
supporting circuitry, may be used to open and close the conductive path. Similar to the 
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embodiments described above, the circuit interrupting portion is used to automatically 
break electrical continuity in the conductive padi (i.e.« open the conductive path) between 
the line and load phase connections upon the detection of a ground fault. The reset portion 
is used to disable the reset lockout and to permit the closing of the conductive path. That 
5 is, the reset portion pennits re-establishing electrical continuity in the conductive path from 
the line connection to the load connection. Operation of the reset and reset lockout 
portions is in conjunction with the operation of the circuit interrupting portion, so that the 
electrically conductive path between the line and load phase connections cannot be reset if 
the circuit interrupting portion is non-operational and/or if an open neutral condition exists. 

10 Circuit breakers with an independent trip portion can still be Uipped, i.e., the 

conductive path between the line and load phase connections can still be opened, even if the 
circuit interrupting ponion becomes non-operational. Preferably, the trip portion is 
manually activated and uses mechanical components to open the conductive path. 
However, the trip portion may use electrical components, such as solid sute switches and 

15 supporting circuitry, and/or electro*mechanical components, such as relay switches, to 
open the conductive path between the line and load phase connections. 

Referring now to Fig. 12, the GFCI circuit breaker 200 has a housing 210 
configured for installation in conventional circuit breaker panels (not shown). Line and 
load power 0>hase) cormections 212 and 214, and line and load neutral connections 216 and 

20 218 are accessible from an exterior of the housing 210 and are provided for coimecting the 
circuit breaker to external wiring. An actuator 220 extends through an exterior surface of 
the housing 210 and is used to manually set the operating condition or state of the circuit 
breaker. A trip actuator 222, which will be described in more detail below, extends 
through the exterior surface of the housing 210. The trip acniator 222 is used, in this 

25 exemplary embodiment, to mechanically trip the GFCI circuit breaker independent of the 
operation of the circuit interrupting portion. 

Referring to Fig. 13, a power control assembly 224, which forms a portion of the 
conductive path, is used to make and break the conductive path. Generally, the power 
control assembly 224 operates similar to the operation of a toggle switch. In the exemplary 

30 embodiment shown an Figs. 13-18, the power control assembly 224 includes the acniator 
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220 which is movable between *on\ 'off and 'trip' positions and a pair of electrical 
contacts 226 and 228 that are opened and closed depending upon die state the circuit 
breaker is in. Preferably, one of the contacts is fixed relative to the other. For example, 
in the embodiment shown in Fig. 13. fixed contact 226 is attached to or monolidiically 
5 formed into the line power connection 212, and the movable contact 228 is attached to or 
monolithically formed into movable conuct arm 230. However, the present application 
also contemplates circuit breaker configurations where each contact is movable relative to 
the other. 

The movable contact arm 230 is pivoully connected to the actuator 220 such that 

10 roovemem of the actuator is translated to movement of the conuct arm 230. or movement 
of the contact arm 230 is translated to movement of the actuator 220. Preferably, the 
contact arm 230 is movable between a closed position where contacts 226 and 228 are 
closed and the conductive path is completed (Fig. 13), and an open position where contacts 
226 and 228 are open and the conductive path is broken (Fig. 14). When the contacts are 

15 closed, the circuit breaker 200 is in an *on* state so that electricity can flow from the line 
connecdon to the load connecUon and the ground fault protection is armed. When the 
contacts arc open, the circuit breaker 200 can be in cither a *trippcd' state or an •off state, 
bi the Gripped" state, current cannot flow from the line connection to the load connection 
and the reset lockout is enabled. In the 'ofT stale current caruiot flow from the line 

20 coimcction to the load connection but the reset lockout is not enabled. 

A trip/reset assembly 240 is operatively coupled to the power control assembly 224 
and is used for ground fault protection ami resetting of the circuit breaker 200. In this 
embodiment, the tiip/reset assembly operates as the above-described circuit interrupting 
portion and the reset portion. When the trip/reset assembly operates to provide fault 

25 protection, the assembly operates as the circuit interrupting portion. When the trip/reset 
assembly 240 operates to reset the circuit breaker, the assembly operates as the reset 
portion. The trip/reset assembly also provides the current protection for the circuit breaker 
200. That is, if the current flowing from the line connection to the load connection 
exceeds a predetermined current rating for the circuit breaker (e.g.. 15 amps), then the 
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trip/reset assembly will respond by causing the power control assembly 224 to open the 

conductive path, e.g., contacts 226 and 228 will open. 

The crip/resec assembly 240 according to this exemplary embodiment includes 

mechanical linlcagc 242 to the power control assembly and sensing circuitry included on 
5 wiring board 244. The sensing circuitry, examples of which are shown in Figs. 19-21 , is 

used to sense ground faults and is similar to the sensing circuitry shown in Fig. 8. 

However, other known circuits capable of detecting ground faults may also be utilized. 

The test/resec assembly mechanical linkage 242 includes control arm 246, latch arm 248 

that is movably coupled to latch ann support 250, and latch arm controller 252. The 
10 control arm 246 Is operatively coupled to the movable contact arm 230 via sprang 254, so 

that if the actuator 220 is in the *on* position (Fig. 13). the control arm catch 2S6 is 

releasably latched to the latch arm 248 Co arm the ground fault protection, as seen in Fig. 

13. Similarly, when the actuator 220 is in the 'off position (Fig. 17) the control aim catch 

256 is releasably latched to the latch arm 248, as seen in Fig. 17. When the acmator 220 is 
15 in the 'trip' position (Fig. 14), the control arm catch 256 disengages from the latch arm 

248 and the reset loclcout is enabled. It should be noted that in this embodiment, the 

control arm catch 256 also operates as the reset lockout which will be described in more 

detail below. 

The latch arm controller 252 includes solenoid 258 and latch arm linkage 260 which 
20 couples the latch arm 248 to the solenoid piston 262 such that movement of the solenoid 
piston is translated to pivotal movement of the latch arm 248. The uip/reset assembly 240 
also includes a reset enable switch assembly 270 that is activated by switch activator 264 
secured to the latch arm 248. The reset enable switch assembly is provided to induce or 
simulate a ground fault condition on the sensing circuitry so that the circuit Interrupting 
25 portion is activated to disable the reset lockout, as will be described in more detail below. 
As noted, the latch arm 248 is pivotally movable relative to the latcb arm support 250. In 
addition, the latch arm is also movable in a direction parallel to the latch arm support 250 
such that upward movement of the latch arm 248 causes the switch actuator 264 to move in 
a manner which activates the reset enable switch assembly 270 which, in turn, activates the 
30 circuit interrupting portion, if operational. If the circuit intemipiing portion is not 
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operational, the circuit breaker cannol be reset. Various switching arrangements for the 
reset enable switch assembly 270 are shown in Figs. 19-21. For example, in Fig. I9» the 
reset enable switch assembly 270 includes a fixed contact 272» that may be a rigid wire 
strip, which induces and/or simulates a ground fault when the fixed contact 272 and the 
5 switch actuator 264 of the latch arm 248 come into conuct. Simulating the ground fault 
causes the solenoid 258 to energize. The power for the circuit in Fig. 19 is supplied by the 
line side connection. 

In Fig. 20, the reset enable switch assembly 270 includes a pair of momenury 
switches 274 and 276. In some circuh breaker designs power to the sensing circuitry is 
10 from the load side, so that when the circuit breaker trips power to the sensing circuit is 

turned off. In this embodiment, switch 276 is a normally closed momentary switch. When 
in the closed position, switch 276 powers the sensing circuitry from the load side of the 
bleaker contacts and when activated during a reset operation, momentarily powers the 
sensing circuitry from the Ime side connection 212 and then renims to the normally closed 
position if die circuit breaker resets. Switch 274 is preferably configured so that it is 
opened when contacts 226, 228 are closed, and so that it is closed when the breaker 
contacts 226, 228 aie opened. To avoid unintended simulated ground fault conditions, 
switch 274 opens before die circuit breaker contacu 226, 228 close, and switch 274 closes 
after the circuit breaker contacts 226, 228 open. This functions to introduce a simulated 
fault condition to the sensing circuitry. As the sensing circuitry b being powered from the 
load side and the breaker contacts are open the soleiX)id 258 is not activated. When a reset 
operation is being pcrfonned so that power is temporarily switched to the line side by 
switch 276, the solenoid is capable of being energized to permit resetting of the circuit 
breaker. 

In Fig. 21, the reset enable switch assembly 270 includes a series of switch contacts 
280, 282, 284, 286 and 288 which are sequentially activated or deactivated (depending 
upon their normal state) by pressure from the switch actuator 264 as the latch arm 248 
moves in direction U (Fig. 15) when moving actuator 220 to the 'off position. For 
example, initial motion of the switch actuator 264 breaks contact 280 from contact 282. 
Continued pressure causes conuct 282 to close with contact 284. Further pressure causes 
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contact 286 to close with contact 288 which introduces a phase voltage to the senstxig 
circuitry, thus, simulating a ground fault. It should be noted that in both embodiments, 
power is connected to the sensing circuitry from the load connection side when the circuit 
breaker 200 is in the *on\ *otr or 'tripped* sutes, and power is supplied to the sensing 
5 circuitry from the line connection side vrhile resetting the circuit breater. 

To prevent multiple firings of the solenoid* the reset enable switch assembly is 
preferably configured to induce and/or simulate the ground fault condition while in the 
lock-out condition until solenoid 258 trips latch arm 248 and releases control arm catch 256 
or actuator 220 is released. Thus, in the embodiment of Fig. 19. the switch actuator 264 is 
10 positioned on the latch arm 248 so that when the reset lockout is disabled, the latch arm 
248, and dius the switch actuator 264, move away from the reset enable switch assembly to 
response to the biasing force of spring 265, so that the switch becomes deactivated. 

The portion of the trip/reset assembly used to perform the tripping operation is also 
designated as the circuit interrupting portion, and the portion of the trip/reset assembly 
15 used to perform the reset operation is also designated as the reset portion. Further, the 
portion of the trip/reset assembly used to perform currem protection is also designatcsd as 
the current protection portion. 

Referring now to Figs. 14 and 15, tiie reset lockout inhibits the actuator 220 in the 
power control assembly 220 from moving from the * tripped' position to the "off position 
20 so tliat the circuit breaker cannot be reset. In ttie embodiment shown in Figs. 14 and 15, 
the reset lockout operates as an active lockout in which the lockout actively inhibits (or 
prevenu) the actuator 220 from moving from the 'tripped* position to the *ofr position. 
However* the reset lockout may also be configured to passivdy inhibit movement of the 
actuator 220 by, for example, the inherent operation of a spring. The reset lockout 
25 includes the control arm catch 256 attached to or formed into the control arm 246 so that 
when the actuator 220 is manually moved in the direction of arrow F, toward the *ofr 
position, the catch 256 engages surface 248a of the latch arm 248 which inhibits movement 
of the actuator 220. 

In this embodiment, the conductive path extends from line power connection 212 to 
30 load power connection 214 via the power control assembly 224, the trip/reset assembly and 
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transfonner assembly 290. The transformer assembly includes a differential transformer 
and ground/neutral coil shown in Figs. 19 and 20. 

Typically, circuit breakers are reset by first moving the actuator 220 to the 'off 
position and then moving the actuator to the 'on* position. While this sequence of 
5 movements of the actuator are being performed, the control arm 246 and latch arm 248 are 
moved so that the control arm catch 256 is rcleasably latched to the latch arm 248. The 
circuit breaker is ui the 'on* state so that the conductive path is closed and ground fauk 
protection is armed. 

The operation of the circuit breaker 200 embodiment according to the present 

10 application will now be described with reference to Figs. 13-18. As noted, the acmator 

220 is movable between 'on', *ofr and 'trip' posidons, where the 'trip* position is typically 
between the *on' and *oir positions. To put the circuh breaker in the 'on* position (from 
the 'ofT position* Fig. 17) the actuator 220 of the power conuol assembly 224 is moved in 
the direction of arrow O. When in the *on* position (Fig. 13), ttie conductive path between 

15 the line and load connections is closed, the control arm catch 256 is releasably latched to 
the latch arm 248, as seen in Fig. 13, and the reset enable switch assembly 270 is in its 
nonnal state. At this point the circuit breaker is in the 'on* state, where the ground fuilt 
protection is armed and the breaker is capable of tripping. 

If a fault is detected by the sensing circuitry, the solenoid 258 is energized so that 

20 the solenoid piston 262 retracts, causing the latch arm linkage 260 to pull the laich arm 248 
away from the control aim 246. Once the latch arm 248 moves far enough away from the 
control arm 246 Ihe control arm catch 256 is released from the latch arm 248. Alter the 
catch 256 is released, the tension in spring 254 causes the control arm 246 to pivot in the 
direction of arrow P permining arm 230 to pivot in direction P causing contacts 226, 228 

25 to open and the actuator 220 to automatically move to the 'trip' position, seen m Fig. 14. 
At this time, the circuit breaker is in the 'tripped* state. 

When the circuit breaker is in the *tnpped* sute, the reset lockout poition of the 
breaker is enabled, as seen in Fig. 14, so that the circuit breaker cannot be reset, unless the 
circuit interrupting portion is operational to disable the reset lockout. Fig. 15 shows the 

30 control arm catch 256 (i.e., the reset lockout) in a lockout position where catch 236 is 
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engaged with che surface 248a of the latch arm 248» thus preventing further movement of 
the actuator 220 toward the 'off position. 

To reset the circuit breaker, further movement of the actuator 220 in the direction 
of arrow F activates reset enable switch assembly 270 so that if the circuit intemiptiDg 
5 portion b operational, the solenoid 258 will energize causing the latch arm linkage 260 and 
thus the latch ann 248 to retract. When the latch arm 248 retracts, the control arm catch 
256 disengages from the latch arm 248 so that the actuator 220 is no longer inhibited fronn 
moving to Che *ofr position, as seen in Pig. 17. 

Referring again to Figs. 13 and 14 the trip portion according to this embodiment of 
10 the present application includes the trip actuator 222 and a trip arm 292. Preferably, the 
trip acmator 222 is a button that is movable between a set position, where contacts 226 and 
228 are permitted to close (seen in Fig. 13) and a trip position ^ere contacts 226 and 228 
are caused to open (seen in Fig. 14). Spring 294 normally biases trip button 222 toward 
the set position. The trip arm 292 that extends from the trip button 222 so that a surface 
IS 296 of the trip arm 292 can move into contact with the control arm 246 when the trip 
button 222 is moved toward the trip position (i.e., when the trip button is depressed). 

To trip the circuit breaker 200 independently of the operation of the circuit 
interrupting portion, the trip actuator 222 is depressed so that surface 296 of trip arm 292 
pushes against the control arm 246 and surface 309 of trip arm 292 pushes against latch 
20 arm 248 causing the control arm catch 256 to release from the latch arm 248. The tension 
in spring 254 causes the contact arm 246 and thus contact 228 to pivot away from the fixed 
contact 226, thus openiiig the conductive path. 

Arc Fault Circuit Inteirupter Circuit Breakers 

An exemplary embodiment of an AFCI circuit breaker incorporating a reset lockout 
25 will now be described. Generally, each AFCI circuit breaker according to the present 

application has a circuit interrupting portion, a reset portion and a reset lockout. Similar to 
the GFCI circuit breaker, the circuit interrupting and reset portions preferably use electro- 
mechanical components to break (open) and make (close) the conductive path between the 
line and load phase coimections. However, electrical components, such as solid state 
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switches and suppoiting circuitry, may be used to open and close the conductive path. 
Similar to the embodiments described above, the circuit interrupting portion is used to 
automatically break electrical continuity in the conductive path (i.e.. open the conductive 
path) between the line and load phase connections upon the detection of an arc fault. The 
5 leset portion is used to disable the reset lockout and to permit the closing of the conductive 
path. That is, the reset portion permits re-esuUishing electrical continuity in the 
conductive path from the Itaie skle coimectlon to the load side connection. Operation of the 
leset and reset lockout portions is in conjunction with the (^ration of the circuit 
interrupting portion so that the electrically conductive path between die line and load phase 

10 connections cannot be reset if the circuit interrupting portion is non*operationa] and/or if an 
open neutral condition exists. 

Similar to the GFCI circuit breaker, the AFCl circuit breaker may also include a 
crip portion that operates independemly of the circuit interrupting portion. AFCl circuit 
breakers with this trip portion can still be tripped, i.e., the conductive padi between the 

15 line and load phase connections can still be opened, even if the circuit interrupting portion 
becomes non-operational. Preferably, the trip portion is manually activated and uses 
fnfyhii"«<^' components to open the conductive path. However, the trip portion may use 
electrical components, such as solid sute switches and stq»porting circuitry, and/or electro- 
mechanical components, such as relay switches and supporting circuitry, to open the 

20 conductive path between the line and load phase connections. 

The circuit interrupting, reset, reset lockout and optional trip ponions according to 
this embodiment are substantially the same as those for the above-described GFCI circuit 
breaker embodiment. These portions are shown in Figs. 12-18 and for simplicity the 
descriptions of these portions are not repeated. A dkffcrtocc between the GFCI and the 

25 AFCl circuit breakers is the sensing circuitry used to detect faults. Figs. 22-24 show one 
exemplary embodiment of the sensing circuitry tliat can be used to detect arc faults. 
However, a more detailed description of the arc fault sensing circuitry can be found in 
commonly owned, co-pending application Serial No. 08/994,772, filed December 19, 1997 
which is incorporated herein in its entirety by reference. In addition, alternative techniques 
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for sensing arc faults are provided in conunonly owned, copending applications Serial Nos. 
08/993,743 and 08/995,130 both of which are incorporated herein by reference. 

Generally, the sensing circuitry can be configured to tnoniu>r the phase conductive 
padi 410 (Fig. 22) at either the line side of the conductive path, the load side of the 
5 conductive padi or at both the line and load sides of the conductive path. The sensing 
circuitry can also be configured to impleinent many of the various tectmiques capable of 
monitoring one or more conductive paths and determiniiig whether signals on a conductive 
path comprise an arc fault. Similar to the above described GFCI circuit breaker 
embodiment, the sensing circuiiry also operates to interriipt the AC power on at least the 
10 phase conductive path by opejiing contacts 226 and 228 (Seen in Fig. 13) via the acniation 
of solenoid 258. 

In the embodiment of Fig. 22, the conductive path 410 extends from line power 
coimection 212 to load power connection 214 via the power control assembly 224, Che 
crip/reset assembly 240 and transformer assembly 430. 

15 The following is a description of an exemplary embodiment of the sensing circuitry 

contemplated by die present application. Referring to Fig. 22, the seosuig circuitry 
includes a path control portion 41 1, a pickup portion 412 and a processing portion 414. 
The path control portion 411 provides power to the circuitry used to detect arc faults and to 
the components used to open the conductive path if an arc fault is detected. The pickup 

20 portion 412 monitors the conductive path 410 and picks up spurious signals from the 
cooducDve path, which may include arc faults. The processiqg portion 414 receives the 
arcing signals and 1) determines whether the arcing signals include an arc &ult» and 2) 
provides a trigger signal to open the conductive path if an arc fault is detected. 

Referring to Fig. 23 an exemplary schematic diagram for the path control and 

25 pickup portions 4 1 1 and 412 is shown. In this embodiment, the path control portion 41 1 
includes a power supply circuit 4 Ig coimected to the tine phase and neutral coimections 212 
and 216 respectively » and an SCR 422 that selectively energizes solenoid 25g. The power 
supply also provides power, typically 26 volts, to the processing circuitry through voltage 
dropping resistor 417 and capacitor 419, shown in Fig. 23. Capacitor 423 prevents voltage 

30 spikes on the line from causing the SCR 422 to inadvertently trigger, and resistor 425 
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prevents the gate of the SCR 422 from floating and ensures that the SCR turns off when the 
TRIG_AFCI signal (descrit>ed below) goes away. Resistor 427 is used to drop the voltage 
from the TRIG.AFCI signal to a ievel suitable for the SCR 422. 

The pickup portion 412 includes transformer assembly 430 which piclcs up spurious 
S signals, which may include arc faults, on the conductive path 410. However, the spurious 
signals can also be detected using capacttive coupling via capacitors coupled to the 
conductive path 410. Techniques of using capacitive coupling onto the AC line to detect 
spurious voltage signals are known and can bt used instead of the transformer assembly 
430. The transformer assembly 430 includes a magnetic core 431 and a coil 432 

10 constructed using, for example, known toroidal ferrite design techniques. Preferably, the 
ferrite material and the turn ratio of the magnetic core 431 and coil 432 are chosen to 
achieve a natural resonance at about 1.5 MHz. A resistor 434 in combination with 
capacitor 436 form a resonance damping network for broadband frequency pickup. This 
conflguratton eiubles the sensing circuitry to react to a wider range of spurious signals 

15 from different sources rather than limiting the sensing circuitry to detecting signals within a 
limited frequency spectrum. 

The signal generated by transformer assembly 430 is transferred to capacitor 438 
which performs a DC decoupling function, and diodes 440, 442 prevent low level signals 
t>elow about 0.6 V peak to peak from entering the processing circuitry. The signal output 

20 by the pickup portion 412 is identified as an arcing signal, labeled ARC_SEKSE, and is 
transferred (o the processing portion 414. As noted, the processing portion determines 
whether the spurious sigiml, ARC_SENSE, includes characteristics that qualify as an arc 
fault. 

A schematic diagram illustrating the processing circuitry 414 is shown in Fig. 24. 
25 The processing circuit 414 includes an amplifier 450, a iUter 452, a rectifier 454, and a 
peak detector 456. 

The amplifier 450 includes a resistor divider network that includes resistors 458 and 
460 which determine the maximum dynamic range of the amplifier 450. The amplifier 450 
also includes an operational amplifier (op amp) 462 having a fixed gain provided by 
30 resistors 464 and 466. The plus input of the op amp 462 is tied to ground 
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potential by resistor 468, and the minus input to the op amp 462 is connected to the 
Junction of resistors 464 and 466« as sliown In Fig. 24. 

The output of the op amp 462 is input to frequency selective circuitry* such as filter 
452. Preferably, the filter 452 is a 2^ order Buttcrworth high pass active filter, which 
5 provides better cut off response than passive filters* However, passive Qrpe filter designs, 
such as LC filters, can also be used. The filter 452 includes an op amp 470 connected to 
an RC network including capacitors 472, 474 and resistors 476, 478, 480, which perform 
the filtering function. Utilizing capacitors and resistors in conjunction with the op amp 470 
provides a steeper roll off in fi-equency gain below 500 KHz than would be achieved with 

10 passive components alone. Preferably, the internal operating characteristics of the op amp 
470 provide the upper limit to the high frequeticies passed by the filter 452. To permit 
masdmum utilization of the high frequency characteristics of the op amp 470, die gain of 
the op amp is preferably set at unity* Filter 452 permits the detection of arc faults even if 
the AC power lines (including the conductive path) are being used for data communications 

15 which typically occur at frequencies below 500 KHz. 

The outptu of the filter 452 is input to the rectifier ^454 which is preferably a full 
wave rectifier. The rectifier 454 includes an op amp 482 having its plus iiqiut connected to 
ground and Its minus input connected to its feedback path. The rectifier 454 provides a 
variable level of gain, depending on whether the input signal from the filter 452 is positive 

20 or negative. To iUustrate, for positive input signals the gain is zero and for negative 

signals the gain is determined by the ratio of resistors 484 and 486. If the input signal is 
positive relative to ground, the output of the op amp 482 is negative which pulls the mimis 
input of the op amp down through diode 488 tmtil it is equal to the plus input. Thus, the 
amplifier has a gain of zero.' If, on the other hand, the signal iiqiut to the minus input is 

25 negative relative to ground, the output of the op amp 482 is positive and feedback current 
flows through diode 490 and resistor 486. 

The signal output from the rectifier 454 is in the form of a pulsed DC voltage, 
which is fed to the peak detector 456. The peak detector 456 has a constant current source 
that includes op amp 492, diode 494 and resistors 496« 498 and 499. The constant current 

30 source is responsive to the pulsed DC voiuge from the rectifier 454. and provides a linear 
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charging curve across capacitor 500. The rate of charging of the capacitor 500 is 
proportional to the number of positive signals input to the peak detector from the rectifier 
454. 

As shown in Fig. 24, capacitor 500 is continually being discharged through resistor 
5 502. In addition, the peak detector 456 functions as an integrator and a time delay circuit 
which aids in preventing tiie circuit from reacting co accepuble short lived arcing spikes 
created when, for example, a switch is thrown or an appliance is plugged in. 

The arcing signals being detected by the processing circuitry 414 can be categorized 
into three main types: high, low and very low arcing signals. In the presence of a high 
10 arcing signal, the output of the rectifier 454 includes a substantial number of DC pulses so 
that the current ouq>ut by the constant current source rapidly 

charges the capacitor 500 causing the voltage across the capacitor to reach a zener diode 
lireakdown voltage of output transistor 504 relatively quickly. 

Wben the signal detected is a low archig signal, the peak detector 456 generates 
15 pulses that are more dispersed, causing the voltage across capacitor 500 to rise more 

slowly, thus delaying the breakover of the zener diode breakdown voltage of transistor 504. 
In diis Instance, although resistor 502 continuously discharges the capacitor 500, if the 
pulses from the rectifier 454 continue for a sufficient enough time to completely charge the 
capacitor 500, breakover of the zener diode breakdown voltage of transistor 504 can occur. 

20 When the signal detected is a very low arcing signal, the discharge rate of the 

capacitor 500 via resistor 502 is greater than or equal to the charging rate of the capacitor 
500. Thus, the voltage across the capacitor 500 does not reach a sufficiently high level to 
cause breakover of the zener diode breakdown voluge of transistor 504. 

The output of transistor 504, labeled TR!G_AFCI, is the urigger signal for the SCR 

25 422 (seen in Fig. 23). Thus, the TRIG_AFCI signal is input to the gate of the SCR 422 
through resistor 427 which turns on the SCR and dius energizes the solenoid 258. As 
described at>ove, energization of the solenoid 258 causes the contacts 226 and 228 to open 
or permits resetdng of the circuit breaker. The solenoid 258 is de-energized after the gate 
signal is removed and the rectified AC decreases to a level close to zero. As noted, 

30 resistor 425 ensures that the gate of the SCR 422 turns off when there is no TRIG_AFCI 
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signal, li should be noted that if an arc is upstream from the circuit breaker, opening the 
conucu stops the pickup portion from picking up spurious signals (including the arc). If 
the arc is downstream from the circuit breaker, opening the contacts extinguishes the arc 
and, thus, removes the TRIG.APCI signal. 
5 The operation of die AFCI ciicuit breaker is similar to the operation of the GFCl 

circuit breaker described above with reference to Figs. 13*18. lo operatton, the actuator 
220 is movable t>etween 'on\ 'off and *trip* positions, where the 'trip* poshion is typically 
between the *on* and 'ofT positions. To put the circuit breaker in the *on* position (from 
the 'off position. Fig. 17) the actuator 220 of the power control assembly 224 is moved in 

10 the direction of arrow O. When in the 'on' poshion (Fig. 13), the conductive path between 
(he line and load connections is closed, the control arm catch 256 is releasably latched to 
the latch arm 248* as seen in Fig. 13, and the reset enabte switch assembly 270 b in its 
normal state. At this point the circuit breaker is in the *on* state, where the arc fault 
protection is armed and the breaker is capable of tripping. 

15 If an arc fault is detected by the sensing circuitry described above for Figs. 22-24, 

the solenoid 258 is energized so that the solenoid piston 262 retracts, causing the latch arm 
linkage 260 to pull the latch arm 248 away from the control arm 246. Once the latch arm 
248 moves far enough away from the control arm 246 the conuol arm catch 256 is released 
from the latch arm 248. After the catch 256 is released, the tension in spring 254 causes 

20 the control arm 246 to pivot in the direction of arrow P permining arm 230 to pivot in a 
direction P causing contacts 226, 228 to open and the actuator 220 to automatically move 
to the 'trip' position, seen in Fig. 14. At this time, the circuit breaker is in the 'tripped* 
state. 

AVhen the circuit breaker is in the 'tripped* state, the reset lockout portion of ifae 
25 breaker is enabled, as seen in Fig. 14, so that the circuit breaker cannot be reset, imless the 
circuit intem^ting portion is operational to disable the reset lockout. Fig. 15 shows the 
control arm catch 256 (i.e., the reset lockout) in a lockout position where catch 256 is 
engaged with the surface 248a of the latch arm 248, thus preventing liuther movement of 
the actuator 220 toward the 'off position. 
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To reset the circuit breaker, further movement of the actuator 220 in the direction 
of arrow F activates reset enable switch assembly 270 by closing switch 271, which Is 
preferably a momentary switch. Closing switch 271 triggers pulse generator 273 which 
outputs a pulse that turns on oscillator 275 for a finite period of time at a resonant 
5 frequency of about 1.5 MHz. Ad example of a suitable pulse is a 10 ms pulse at low 
current, e.g., in the order of about 1-10 mA. If the circuit interrupting portion is 
operational, activation of the reset enable switch assembly 270, which simulates a fault, 
energizes the solenoid 258 causing the latch arm linkage 260 and thus the latch arm 248 to 
retract. When the latch arm 248 retracts, the control arm catch 256 disengages from the 
10 latch arm 248 so that the acmacor 220 is no longer inhibited from moving to the *ofr * 
position, as seen in Fig. 17. 

Circuit Breakers With Combined Fault Detectloo CapablUtles 

The present application also conteinplates circuit breakers that incorporate fault 
protection capabilities for more than one type of fault. Fdr example, the circuit breaker 

15 can be configured with ground fault and arc fault protection, or the circuit breaker can be 
configured with ground fault and immersion detection fault protection. The construction of 
such circuit breakers can be similar to that shown in Figs. 12-18 and for simplicity is not 
repeated. That is, such circuic breakers would include a circuit interrupting portion, a reset 
portion, a reset lockout portion and, optionally, an independent trip portion. A difference 

20 in such combined hnit protection circuit breakers would be in the sensing circuitry used to 
detect faults. The block diagram of Fig. 22 in combination with the schematic diagram of 
Fig. 25 show the sensing circuitry for one embodiment for a circuit breaker having ground 
fault and arc fault protection capabilities. Figs. 26-30 show sensing circuitry for another 
embodimeni for a dicuit breaker having ground fault and arc fauh protection capabilities. 

25 These embodiments are exemplary. The present application contemplates circuit breakers 
with any tmmber of fault protection capabilities in any combination. 

The following description of Fig. 25 is an exemplary embodiment of sensing 
circuitry suitable for use in a circuit breaker with combined fault protection capabilities. In 
this embodiment, the conductive path 410 extends from line power coiuiection 212 to load 
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power connection 214 via the power control assembly 224 (seen in Fig. 13)» the trip/reset 
assembly 240 (seen in Fig* 13), transformer assembly 550 and transformer assembly 552. 
Generally, the sensing circuitry includes a path control portion 41 1« a picicup portion 412 
and a processing portion 414 (seen in Fig. 24) similar to the embodiment of Fig. 22. The 
5 path control ponion 411 provides power to the circuitry used to detect ground faults and 
arc faults, and to the components used to open the conductive path if a ground fault or an 
arc fault is detected. The pickup portion 412 monitors the conductive path 410 and picks 
up 1) ground faults and grounded neutral faults, and 2) spurious signals from the 
conductive path which may include arc faults. The processing ponion 414 (seen In Fig. 

10 24) receives arcing signals from the pick up portion and 1) determines whether the spurious 
signals include an arc fault, and 2} provides a trigger signal lo open the conductive path if 
an arc fault is detected, la cfais embodiment, the processing portion 4 14 is the same as the 
processing portion 414 described above with reference to Fig. 24 and is not repeated. 
Referring again to Fig. 25, the path control portion 41 1 includes a power supply 

15 circuit 560 connected to the line phase and neutral connections 212 and 216 re^ectively, 
SCR 562 and SCR trigger circuit 564. The power supply provides power, typically 
rectified AC, to the SCR 562, and provides power* typically 26 volts, to the components in 
the pickup and processing portions 412 and 414, and to the GFCl portion. The solenoid 
258 is selectively energized in response to the output of SCR trigger circuit 564, which 

20 results in the opening and/or closing of contacts 226 and 228. Preferably, the SCR trigger 
circuit 564 performs an OR function so that either a ground fault or an arc fault trigger 
signal triggers the SCR 562. 

The picicup pordon 412 includes a grotuid fault pickup and an arc fault pickup. The 
ground fault pick up includes transformer assembly 550 having a differential transformer 

25 570 and a ground neutral transformer 572 both coupled to an integrated circuit 580. The 
integrated circuit 580 is used to detect ground faults and to output a trigger signal, lal>eled 
TRIG_GFCI, to the SCR trigger circuit 564. Examples of suitable integrated circuits 
include the National Semiconductor LM1851 and the Raytheon RA9031. As noted above, 
such ground fault sensing circuitry is known. 



wo 01/151S3 



PCr/USOO/22955 



32 

The arc fault pickup includes transfonner assembly 552 which picks up spurious 
current signals, which may include arc faults, on the conductive path. However, spurious 
voltage signals can also be detected using capacltive coupling via 
capacitors coupled to the phase conductive path. Techniques of using capacltive coupling 
5 onto the AC line are known. 

The transfonner assembly 552 has a magnetic core 590 and a coil 592 constructed 
using, for example, known toroidal ferrtte design techniques. Preferably, the ferrite 
material and the turn ratio of the magnetic core 590 and coil 592 are chosen to achieve a 
natural resonance at about 1 .5 MHz. A resistor 594 in combination with capacitor 596 

10 forms a resonance damfying network for broadband frequency pickup. This conflguration 
of the arc fault pickup enables the sensing circuitry to react to a wider range of spurious 
signals from different sources rather than limiting the sensing circuitry to detecting signals 
within a limited frequeixry spectrum. 

The signal generated by transformer assembly 552 is transferred to capacitor 598 

IS which performs a DC decoupling function, and diodes 600, 602 prevent low level signals 
below about 0.6 V peak to peak from entering the processing circuitry 414. The signal 
output by the pickup portion is identified as an arcing signal, labeled ARC_SENSE. and is 
uansferred to the processing portion 414. As noted, the processing portion determines 
whether the spurious signal includes characteristics that qualify it as an arc fault. 

20 The operation of the circuit breaker with combined fault protection capabUiUes 

according to the embodiment of Figs. 22 and 25 is similar to the operation of the GFCl and 
AFC! circuit breakers described above ^th reference to Figs. 13-24. except that it is 
responsive to the detection of one or more types of faults. 

In operation, the acniator 220 (seen in Fig. 17) is movable between 'on\ 'off and 

25 *trip* positions, where the *trip* position is typically l>etween the *on' and 'ofT positions. 
To put the circuit breaker in the *on* position (from the *ofr position. Fig« 17) the actuator 
220 of the power control assembly 224 is moved in the direction of arrow O. When in the 
'on* position (Fig. 13), the conductive path between the line and load coimections is closed, 
the control arm catch 256 is releasably latched to the latch arm 248, as seen in Fig. 13, and 
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the reset enable switch assembly 270 is in its normal state. At this point the circuit breaker 
is in the *on' sute« where fault protection Is armed and the breaker is capable of tripping. 

If a fault (e.g., an arc fault or a ground fauh) is detected by the sensing circuitry 
described above for Figs. 22 and 25, the solenoid 258 is energized so that the solenoid 
5 piston 262 retracts, causing the latch arm linkage 260 to pull the latch arm 248 away from 
the control arm 246. Once the latch arm 248 moves far enough away from the control arm 
246 the control arm catch 256 is released from the latch arm 248. After the catch 256 is 
released, the tension In spring 254 causes the control arm 246 to pivot in the direction of 
arrow V permitting arm 230 to pivot in a direction P causing conucts 226. 228 to open 

10 and the actuator 220 to automatically move to the 'trip* position, seen in Fig. 14. At this 
time, the circuit breaker is in the ^tripped* state. 

When the circuit breaker is in the 'tripped* state, the reset lockout portion of the 
breaker is ermbled, as seen in Fig. 14, so that the circuit breaker cannot be reset, unless the 
cifcuit interrupting portion is operational to disable the reset lockout. Fig. 15 shows the 

15 control arm catch 256 (i.e., the reset lockout) in a lockout position where catch 256 is 
engaged with the surfoce 248a of the latch arm 248, thus preventing further movement of 
the actuator 220 toward the 'off position. 

To reset the circuit breaker, further movement of the actuator 220 (seen in Fig. 16) 
in the direction of arrow F activates reset enable switch assembly 270 (seen in Fig. 25) by 

20 closing switch 271, which is preferably a momentary switch. Closing switch 271 triggers 
pulse generator 273 which outputs a pulse that turns on oscillator 275 for a fmite period of 
time at a resonant frequency of about 1 .5 MHz. An example of a suitable pube is a 10 ms 
pulse at a low current, e.g., in the order of about 1*10 niA. If the circuit interrupting 
portion is operational, activation of the reset enable switch assembly 270, which simulates 

25 a fault, energizes the solenoid 258 causing the latch arm linkage 260 and thus the Utch arm 
248 to retract. When the latch arm 248 retracts, the control arm catch 256 disengages from 
the latch arm 248 so that the actuator 220 is no longer inhibited from moving to the 'off 
position, as seen in Fig. 17. 
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Ii should be noted that in the embodiment of Fig. 25, the GFCI poition is not 
activated for reset. However, it may be desirable to activate test circuits for both the OFCi 
and AFCI portions of the device, so that when resetting the device, 
both portions are tested before the device is reset. A description of this embodiment is 
5 described within the mibodiment below. 

It may be desirable for the sensing circuitry to generally pinpoint the location of an 
arc fault within a branch circuit. To accomplish this» a second arc fault piclcup is added to 
the pickt^i portion 412, shown In Fig. 25, so that the pickup portion 412 outputs two 
separate arcing signals representing arcing signals piclced up on the line and load sides. 
10 This embodiment of the sensing circuitry is shown In Figs. 26-30. 

In this embodiment, the AC line (i.e., the line phase and neutral conductive paths) 
is partitioned into two different segments separated by the ground fault piclcup of the 
pickup poition 412. The AC line is split for high frequency signals while the oormal 50 or 
60 Hz power transmission Is unaffected. Referring to Fig. 27, the line and load arc fault 
15 pickups are, preferably, separated by the transformer assemblies 570 and 572 and ferrite 
transformers or beads 604 and 606 located on each side of the transformer assemblies. The 
ferrite transformers function to enhance the impedance of the AC line to high frequency 
signals. 

The line side arc fault pickup includes transformer assembly 610 having a magnetic 
20 core 612 and a coil 614. The magnetic core 612 and coil 614 are constructed using, for 
example, known toroidal ferrite design techniques. Preferably, the ferrite material and the 
turn ratio of the magnetic core 612 and coil 614 are chosen to achieve a natural resonance 
at about 1 .5 MHz. A resistor 616 in combination with capacitor 618 form a resonance 
damping network for broadband frequency pickup. This configuration enables the sensing 
25 circuitry to react to a wider range of spurious signals from different sources rather than 

limiting the sensing circuitry to detecting signals within a limited frequency spectrum. The 
load side pickup Is the same as the arc fauh pickup described above with reference to Fig. 
25 and for simplicity Is not repeated. 
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Similar to the above-described embodiments, the arcing signal can also be detected 
using capacilive coupling via capacitors on both the line side pickup and the load side 
pickup. Techniques of using capacitive coupling onto the AC line are known. 

Schematic diagrams illusCrating the line processing circuitry 4i4a and die load 

5 processing circuitry 414b are shown in Figs. 28 and 29, respectively. In this embodiment 
each processing circuit includes four processing stages; an AGC amplifier, a filtcrt a 
rectifier and a peak detector. 

Referring to Fig. 28. in the line processing circuitry 4i4a, the LINE.ARC^SENSE 
signal is fed into the AGC amplifier 620, which includes a first resistor divider network 

0 having resistors 630, 632 and 634 that determine die maximum dynamic range of the AGC 
amplifier 620. Feedback control is provided through field effect transistor (FET) 636, 
which acts as a variable resistance in parallel with resistor 632. A second resistor divider 
network that includes resistors 638 and 640 provides a voltage level for the gate of FET 
636. Preferably, a feedback signal, labeled LINE_ACC, input to FET 636 is proportional 

S to a signal level developed on the load side. Similarly, a feedback signal, labeled 

LOAD_AGC, fed back to the AGC amplifier in the load circuitry (described hereinbelow 
in connection with Fig. 29) Is preferably proportional to the signal level developed on the 
line side. This configuration provides additional di^erentiation between the line side and 
load side arcing signals sensed by the arc fault pickup. 

0 The AGC amplifier 620 also includes an operational amplifier (op amp) 642 having 

a fixed gain provided by resistors 644 and 646. Resistor 644 is preferably a variable 
resistor that permits matching of the base gain of the AGC amplifier in both the line 
processing circuitry 414a and the load processing circuitry 414b. The plus input of the op 
an^> 642 is coimected to ground by resistor 648, and die minus input of the op amp is 

5 connected to resistors 644 and 646 as shown. To illustrate the effect of the feedback of the 
FET 636, assume that resistors 630, 632 and 634 are equal. With no feedback on the 
LIN£_AGC signal, FET 636 Is an open circuit and 61% of the LINE_ARC_SENSE signal 
enters op-amp 642. With full feedback on the LINE.AGC, the FET 636 is saturated so 
that only 50% of the LINE_ARC_S£NSE signal enters the op-amp 642. By altering the 
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values of resistors 630, 632 and 634 and resistors 638 and 640, the weight and 
responsiveness of (he AOC amplifier can be varied. 

The output of Che op amp 642 is ii^ut Co frequency selective circuitry, such as filter 
622. Preferably, the filter 622 is a order Buttcrwortb high pass active filter, which 
S provides better cue off response Chan passive filters. However, passive type filter designs, 
such as LC filters, can also be used. 

Preferably, the filter 622 includes an op amp 650 connected to an RC network 
Including capacitors 652, 654 and resistors 656, 658, 660 which perform the filtering 
fiioction. Utilizing capacitors and resistors in conjunction with the op amp 650 provides a 

10 steeper roll off in frequency gain below 500 KHz than would typically be achieved with 
passive components alone. Preferably, the internal operating characteristics of the op amp 
650 provide the upper limit to the high frequencies passed by the filter 622. To permit 
maximum utilization of Che high frequency cliaracceristics of the op amp 650, the gain of 
the op amp is preferably aet at unity. Filter 622 permits the detection of arc faults even if 

15 the AC power lines (including the conductive path) are being used for dau communications 
which typically occur at frequencies below 500 KHz. 

The output of the filter 622 is input to the rectifier 624, which is preferably a fiill 
wave reaifier. Preferably, the rectifier 624 is configured to rectify input voltages in the 
mOlivoU range, and to provide a DC voltage for the peak detectors 626. The rectifier 624 

20 includes an op amp 670 having its plus input connected to ground and lis minus input 
connected to its feedback path. The rectifier 624 provides a variable level of gain, 
depending on whether the input signal from the filter 622 is positive or negative. To 
illustrate, for positive input signals the gain Is zero, and for negative signals the gain is 
preferably determined by the ratio of resistors 672 and 674. If the input signal is positive 

25 relative to ground, the output of the op amp 670 is negative which pulls the mmus input of 
the op amp down dirough diode 676 until it is equal to the plus input. Thus, the op amp 
670 has a gain of zero. If, on the other hand, the signal input to the minus input is 
negative relative to ground, the output of die op amp 674 is positive and feedback cunent 
flows through diode 678 and resistor 674 and the gain is set by resistors 672 and 674. 
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The signal output from the lectifier 624 is in the form of a pulsed DC vohage, 
which is fed to the pealc deiecior 626. The peak detector 626 has a constant current source 
that includes op amp 680, diode 682 and resistors 684,686 and 688. The constant current 
source is responsive to the pulsed DC voltage from die rectifier 624 and provides a linear 
5 charging curve across cq>acitor 690. The rate of charging of the capacitor 690 is 
proportional to the numl>cr of positive signals input to the peak detector 626 from the 
rectifier 624. 

As shown in Fig. 28, capacitor 690 is continually being discharged through resistor 
692. In addition, the peak detector 626 functions as an integrator and a time delay circuit 
10 which aids in preventing die circuit from reacting to acceptable short lived arcing spikes 
Gloated when, for example, a switch is thrown or an appliance is plugged 

The arcing signals being detected by the processing circuitry 414a can be 
categorized into three maun types: high, low and very low arcing signals. In the presence 
of a high arcing signal, the output of the rectifier 624 includes a sutistantial number of DC 
15 pulses so that the current output by the constant current source rapidly charges the 
cqiacitor 690 causing the voltage across the capacitor 690 to reach a zener diode 
breakdown voltage of output transistor 694 relatively quickly. 

When the signal detected is a low arcing signal, the peak detector 626 generates 
pulses that are more dispersed, causing the voluge across capacitor 690 to rise more 
20 slowly, thus delaying the breakover of the zcner diode breakdown voltage of transistor 694. 
In this instaxxre, aldiough resistor 692 continuously discharges the capacitor 690, If the 
pulses from the rectifier 624 continue for a sufficiem enough time to completely charge the 
capacitor 690, bieakover of the zener diode breakdown voluge of transistor 694 can occur. 
When the signal detected is a very low arcing signal, the discharge rate of the 
25 ca^citor 690 via resistor 692 is greater than or equal to the charging rate of the capacitor 
690. Thus, the voltage across the capacitor 690 does not reach a sufficiently high level to 
cause breakover of the zener diode breakdown voltage of transistor 694. 

The output of transistor 694, labeled LlNE_OUT. is input to arc fault trigger 
generator 700 (seen in Fig. 30), which as described below provides the trigger signal for 
30 the SCR 562 causing die solenoid 258 to be energized and contacts 226 and 228 to open or 
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permits resetting of the circuit breaker. Further, the output voltage of peak detector 626, 
designated LOAD^AGC, is used as the feedback signal for the AGC amplifier in the load 
processing circuitry 414b. 

Referring now to Fig. 29 the load processing circuitry 414b is shown. In the load 
5 processing circuitry, the IjOAD_ARC_SENSE signal is fed into an AGC amplifier 710 
having a first resistor divider network that includes resistors 712, 714 and 716, and 
determines the maximum dynamic range of the AGC amplifier 710. Feedback control is 
provided through field effect transistor (FED 718, which acts as a variable resistance in 
parallel with resistor 714. A second resistor divider network diat includes resistors 720 

10 and 722 provides a voltage level for the gate of FET 718. As noted, preferably, a feedback 
signal, labeled LOAD.AGC, input to FET 718 is preferably proportional to the 
LINE^AGC feedback signal level developed on the load side. 

The AGC amplifier 710 also includes op amp 724 havmg a fixed gain provided by 
resistors 726 and 728. The plus input of the op amp 724 is connected to ground via 

15 resistor 730, and the minus input of the op amp 724 is connected to resistors 726 and 728 
as shown. 

The output of the op amp 724 is input to frequency selective circuitry, such as filter 
732. Similar to the Ihie processing circuitry the filter 732 is preferably a 2*^ order 
Butterwordi high pass active filter, which provides better cut off response than passive 

20 filters. However, passive type filter designs, such as LC filters, can also be used. 

Preferably, the filter 732 iociudes an op amp 734 connected to an RC network 
including capacitors 736, 738 and resistors 740, 742, 744 which perform the filtering 
function. Utilizing capacitors and resistors in conjunction with the op amp 734 provides a 
steeper roll off in frequency gain below 500 KHz than would be achieved with passive 

25 components alone. Preferably, the internal operating characteristics of the op amp 734 
provide the upper limit to the high frequencies passed by the filter 732. To permit 
maximum utilization of the high frequency characteristics of the op amp 734, the gain of 
the op amp is preferably set at unity. Filter 732 permits the detection of arc faults even if 
the AC power lines (including the conductive path) are being used for data conmumications 

30 which typically occur at frequencies below 500 KHz. 
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The output of the filter 732 is input to the rectifier 750, which is preferably a full 
wave rectifier. Preferably* the recdflcr 750 is configured to rectify input voltages in the 
millivolt range, and provides a DC voltage for the peak detector 762. The rectifier 750 
includes an op amp 752 having its plus input connected to ground and iu minus input 

5 connected to iu feedback path. The rectifier portion provides a variable level of gain, 
depending on whether the input signal from die filler portion is positive or negative. To 
illustrate, for positive input signals the gain is zero, and for negative signals, the gain is 
determined by the ratio of resistors 754 and 756. If die input signal is positive relative to 
groimd. the output of the op amp 752 is negative which pulls the minus input of the op amp 

10 down through diode 760 until it is equal to the plus input. Thus, the amplifier has a gain 
of zero. If» on the other hand, the signal input to the minus input is negative relative to 
ground, the output of the op amp 752 is positive and feedback current flows through diode 
758 and resistor 756 and the gain is set by resistors 754 and 756. 

The signal ouq>ut firom the lectifier 750 Is in the form of a pulsed DC voltage. 

15 which is fed to the peak detector 762. The peak detector 762 has a constant current source 
diat Includes op amp 764. diode 766 and resistors 768, 770 and 772. The constant current 
source is responsive to the pulsed DC voltage from the reaifier 750, the output of which 
provides a linear charging curve across capacitor 774. Similar to the line processing 
circuitry 414a, the rate of charging of capacitor 774 is proportional id the number of 

20 positive signals input to the peak detector portion from the rectifier 750. 

As seeo in Fig. 29, capacitor 774 is continually being discharged through resistor 
776. in addition, the peak detector 762 funcdons as an integrator and a time delay circuit 
which aids in preventing the circuit from reacting to acceptable short lived arcing spikes 
created when, for example, a switch Is thrown or an appliance is plugged in. 

25 The arc'mg signals being detected by die processing circuitry 414b can be 

categorized into three main types: high, low and very low arcing signals. In the presence 
of a high arcing signal* the ouq>ut of die rectifier 750 includes a substantial number of DC 
pulses so that the current output by the constant current source rapidly 
charges the capacitor 774 causing the voltage across the capacitor to reach a zener diode 

30 bieakdown volUge of output transistor 778 relatively quickly. 
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When the signal detecced is a low aiclng signal, the peak detector 762 generates 
pulses that are more dispersed, causing the voltage across capacitor 774 to rise more 
slowly, thus delaying the breakover of the zener diode breakdown voltage of transistor 778. 
In this instance, although resistor 776 continuously discharges the capacitor 774, if the 
5 pulses from the rectifier 750 continue for a sufficient enough time to completely charge the 
capacitor 774, breakover of the zener diode breakdown voltage of transistor 778 can occur. 

When the signal detected is a very law arcing signal, the discharge rate of the 
capacitor 774 via resistor 776 is greater than or equal to the charging rate of the capacitor 
774. Thtis, the voltage across the capacitor 774 does not reach a sufficiently high level to 
10 cause breakover of the zener diode breakdown voluge of transistor 778. 

The output of transistor 778. labeled LOAD_pUT. is input to the arc fault trigger 
generator 700. which as descrilied above, will trigger the SCR 562 causing the solenoid 
258 to be energized and contacts 226 and 228 to open or permits resetting of the circuit 
breaker. 

15 As noted, the output voluge of peak detector 762, designated LINE_AGC» is used 

as dtie feedback signal for the AGO amplifier 620 in the line processing circuitry 414a« 

Referring to Fig. 30, the arc fault trigger generator 700 of the present application 
will now be described. Once the output signals from the line processing circuitry 
OLINE^OUT) and the load processing circuitry (LOADjOUT) exceed their relative rcacr 

20 diode breakdown voluges. they are fed simultaneously into comparators 780 and 782. The 
two comparator circuits are similar in construction and tike components will be designated 
with the same reference numerals. 

Resistors 784 and 786 provide input resistance to the respective comparator 780 or 
782. while resistor 788 provides feedback and resistors 790 and 792 provide adjustable 

25 hysteresis for each respective comparator. The output of each comparator 780 and 782 is 
rectified by a diode 794. In one configuration shown in Fig. 30, the rectified output of 
each comparator can be convened to a logic ** I " or "O" by resistors 798 and 800 and zener 
diodes 802 and 804 and input to an OR function 796. The output of the OR function 796 
would be the arc fault trigger signal, labeled TR1G_AFC1, input to the SCR trigger circuit 

30 564. In addition, the rectified output of comparator 780 can be used to provide, for 
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enample, a visual or audibk indication via latch 806 and indicator 808 that a sensed arc 
fault occurred on the line side. 

In anodier configuration, the rectifled output of comparator 780 can be used to 
provide, for example, a visual or audible indication via indicator 808 that a sensed arc fault 
5 occurred on the line side. White, the rectified output of comparator 782 can be used as the 
arc fault trigger signal to trip or reset the circuit breaker. In this alternative configuration, 
arc faults sensed on the tine side would neither trip the circuit breaker nor permit resetting 
of the circuit breaker, but arc faults sensed on the load side would. 

It should be noted that the LINE_OUT and LOAD.OUT signals are input to both 

10 comparators 780 and 782. The LINE_OUT signal is input to the plus input of comparator 
780 and the minus input of comparator 782. The LOAD.OUT signal is input to the plus 
input of comparator 782 and the minus iiiput of comparator 780. In this exemplary 
configuration, the comparators are preblased to initially set the outputs of the comparators 
780 and 782 low. Thus, if the LIHE.OUT signal is greater than the LOAD^OUT signal, 

IS the output of comparator 780 goes high, asstmiing the LINE_OUT signal ts greater than the 
breakover voluige of transistor 694, seen in Fig. 28. If the LOAD^OUT signal is greater 
than the LINE_OUT signal, the output of comparator 782 goes high, assuming the 
LOAD_OUT signal is greater than the breakover voltage of transistor 778, seen in Fig. 29. 
Therefore, if arcing occurs on the load side of the AFCI/GFCI, the signal generated 

20 at the load side pickup will be greater than the signal generated at the line side pickup due 
to the attenuation of high frequencies caused by the separating impedance. On the other 
tiand, arcing occurring on the line side will generate a larger signal at the line side pickup 
than at the load side pickup. 

In the embodiments described above, both the AFCI and GFCI fault protection 

25 capabilities operate to Interrupt the AC power by opening contacts 226 and 228 via the 
actuation of solenoid 258. The solenoid 258 is acmated by triggering the SCR 562 via the 
SCR trigger circuit 564. As described above, in one embodiment, the SCR trigger circuit 
564 can function to provide an OR function to trigger the SCR 562 using known thyristor 
triggering techniques when either of its two input trigger signals TRIG_GFC1 and 

30 TRIG^AFCI go active. 
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When resetting the circuit breaker, the reset operation can be configured so that 
reset of the circuit breaker can be achieved when one of the two uigger signals. 
TRIG^CFCI or TRIG.AFCI, go active. In this instance* the SCR trigger circuit 564 
would continue to provide the OR function. 
S However, if the SCR trigger circuit 564 is configured as an OR function, then one 

of the fault protection operations of the circuit breaker need be operational In order to reset 
the circuh breaker. To verify that each fault proteaion operation of the circuit breaker is 
operational when the circuit breaker is reset, a test operation for each type of fault 
protection should be provided. 

10 Fig. 31 provides a schematic diagram for an SCR triggering circuit 564 that 

requires each triggering sigtud to activate before the SCR 562 is triggered and solenoid 258 
is energized when resetting the circuit breaker. In this embodiment, the triggering signals, 
TRIC^GFCI and TRIG^AFCI, are input to AND gates 820, 822 and 824, as shown, and 
the output of each AND function is input to an OR gate 826. In addition, a reset enable 

15 signal, labeled RESET.ENA, generated by an additional switch in the reset enable switch 
assembly 270, is also input to the AND gates 820 and 822, as shown. The output of the 
OR gate 826 is used as the trigger signal for the gate of the SCR 562. In this exemplary 
configuration, when the circuit breaker is in the 'on* state and the fault protection is armed, 
the detex:tion of either a ground fault or an arc fault will trigger the SCR 562 via AND gate 

20 822 or 824 and OR gate 826. However* when rescuing the circuit breaker, the 

R£S£T_£NA signal disables AND gates 822 and 824, and enables AND gates 820. Thus, 
only the detection of both a grotmd fault and an arc fault will trigger the SCR 562 via AND 
gate 820 and OR gate 826 when resetting the circuit breaker. 

Similar to the reset operation for the above described embodiments, the circuit 

25 breaker is reset by moving the actuator 220 in the direction of arrow F (seen in Fig. 16) to 
activate reset enable switch assembly 270 (seen in Fig. 31) by closing switches 271a. 271b 
and 271c, which are preferably momentary switches. Closing switch 271a clocks latch 830 
which enables AND gate 820 and disables AND gates 822 and 824. Closing switch 271b 
triggers pulse generator 273 which outputs a pulse that turns on oscillator 275 for a finite 

30 period of time at a resonant frequency of about 1.5 MHx. An example of a suitable pulse 



wo 01/15183 



PCT/US00/3299S 



43 

is a 10 ms putoc at low current, in the order of atiout 1-10 mA. It should be noted that the 
number of turns on the coil S92 on the transformer assembly 552 can be used to control the 
current from the transformer assembly. If the arc fault circuit Intenupting portion is 
operational, activation of switch 271b simulates an arc fault so that the arc fault trigger 

5 signal, TRIG^AFCI, is active. Closing switch 271c simulates a ground fault so that the 
ground fault trigger signal* TRIG.GFCI. is active. When TR1G_GFCI goes active, SCR 
832 turns on thereby turning on transistor 834 so that a logic 1 is seen by AND gate 820. 

In tills configuration, when the latch 830 is clocked and the TRIG^AFCI and 
TRIG.GFCI lines are active, AND gate 820 outputs a logic 1 which triggers the SCR 562 

10 to energize solenoid 258* 

The output of AND gate 820 is also connected to the reset input of the latch 830 via 
inverter 836. As a result, when AND gate 820 outputs a logic 1. latch 830 is reset, so that 
gate 820 Is disabled and gates 822 and 824 are enabled for sumdard operation of the 
bleaker. It may be desirable to include a delay line 838 (shown in phantom in Fig. 31), 

IS which provides a time delay that is sufficient to allow the mechanical conq)onents of the 
circuit breaker to reset before enabling AND gates 822 and 824 u> avoid false triggering of 
the circuit breaker. 

Systems Having Circuit Breakers With Reset Lockout 

The circuit breakers described above can be used in electrical distribution systems 
20 in. for example, a home, shown in the exemplary block diagram of Fig. 32. The system 
includes a circuit breaker panel 300 used to supply electrical power to various circuits in 
the home, at least one GFCI circuit breaker having a reset lockout and/or independent trip 
portions instaUed in the paiiel, and various connection points, such as receptacles, to 
connect one or more loads thereto. As is well known, the line phase connection 212 of the 
25 GFCI circuit breaker is connected to a power distribution Inis 302 in the panel and the load 
phase connection 214 is connected to the phase conductor 304 feeding one or more loads. 
A neutral conductor 306 to the one or more loads is connected to a load neutral connection 
218 associated with the circuit breaker 200, and a line neutral conductor 216, typically, 
extending from the circuit breaker housing is connected to a neutral bus 308 in the panel. 
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while there have been shown and described and pointed out the fundamental features of the 
invention, it will be understood that various omissions and substitutions and changes of the 
form and details of the device described and illustrated and in its operation may be made 
by those skilled in the art, without departing from the spirit of the invention. 

Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

The reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgement or any form of suggestion that that prior art forms part of the common 
general knowledge in Australia. 
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The claims defining the invention are as follows: 
1 . A circuit breaker including: 
S housing means; 

line and load connection means accessible from an exterior of said housing means 
for connecting to external wiring; 

means for conducting electricity between said line and load connection means, said 
means for conducting electricity including switch means for opening and closing said 
10 means for conducting electricity; 

circuit interrupting means disposed within said housing means for causing said 
switch means to open in response to the occurrence of a predeflned condition; 
reset lockout means responsive to activation of said circuit interrupting means for 
inhibiting closing of said switch means after said circuit interrupting means causes said 
15 switch means to open; and 

reset means for activating said circuit interrupting means so that said reset lockout 
means does not inhibit closing of said switch means, and for closing said switch means. 

2, The circuit breaker according to claim 1, wherein said predefined condition 
20 includes a fault or an over-current condition. 

3. The circuit breaker according to claim 2, wherein said fault includes a ground fault, 
an arc fault, an immersion detection fault, an appliance leakage fault or an equipment 
leakage fault. 



25 



4. The circuit breaker according to claim 1 further including trip means for causing 
said switch means to open independently of the operation of said circuit interrupting 
means. 
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S. The circuit breaker according to claim 4, wherein said circuit interrupting means 
includes sensing means for sensing ground faults associated with conducted electricity and 
means for causing said switch means to open said means for conducting electricity. 

5 6. The circuit breaker according to claim wherein said reset means includes: 

a manually operated actuator operatively coupled to said reset lockout means; and 
reset enable switch means capable of being activated by operation of said actuator 

for simulating a ground fault in said sensing means so as to activate said circuit 

interrupting means, 

10 

7. The circuit breaker according to claim 6, wherein said reset enable switch means 
includes a fixed contact that is energized by said operation of said actuator to simulate the 
ground fault. 

8. The circuit breaker according to claim 6, wherein said reset enable switch means 
includes a pair of momentary switches which when actuated switch power supplied to said 
sensing means from said load connection means to said line connection means, and 
simulate the ground fault. 

9. The circuit breaker according to claim 6, wherein said reset enable switch means 
includes a plurality of switch contacts that are sequentially activated to first switch power 
supplied to said sensing means from said load connection means to said line connection 
means, and second to simulate the ground fault. 

10. A method for testing the operation of a circuit breaker having a housing with line 
and load phase connections accessible from an exterior surface of said housing, and a 
conductive path between said line and load phase connections, said method including: 

manually activating a trip portion of the circuit breaker to open said conductive 
path and to enable a reset lockout portion that inhibits closing said conductive path; and 



• 

• •• « 



IS 



20 



25 



30 



• 47- 



activating a reset portion to perform a reset operation, wherein during said reset 
operation a circuit interrupting portion is activated, and wherein if the circuit interrupting 
portion is operational, the circuit interrupting portion disables the reset lockout portion and 
facilitates closing of said conductive path, and wherein if the circuit interrupting portion is 
S non-operational, the reset lockout portion remains enabled so that closing said conductive 
path is inhibited. 

IK The method according to claim 10 wherein said circuit breaker is a GFCI circuit 
breaker. 

0 

12. The method according to claim 10 wherein said circuit breaker is an AFCI circuit 
breaker. 
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13. A power distribution system including: 
15 a source of electricity; 

at least one load; 

a circuit breaker regulating power from said source of electricity to said at least one 
load, said circuit breaker includes: 
housing means; 

20 line and load connection means accessible from an exterior of said housing 

means for connecting to external wiring; 

means for conducting electricity between said line and load connection 

means, said means for conducting electricity including switch means for opening 

and closing said means for conducting electricity; 
25 circuit interrupting means disposed within said housing means for causing 

said switch means to open in response to the occurrence of a fault; 

reset lockout means responsive to activation of said circuit interrupting 

means for inhibiting closing of said switch means after said circuit interrupting 

means causes said switch means to open; and 
30 reset means for activating said circuit interrupting means so that said reset 

lockout means does not inhibit closing of said switch means, and for closing said 
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switch means. 

14. The power distribution system according to claim 13, wherein said circuit breaker 
further includes trip means for causing said switch means to open independently of the 
operation of said circuit interrupting means. 

15. The power distribution system according to claim 1 3, wherein said fault is a ground 
fault. 

16. The power distribution system according to claim 13 wherein said fault is an arc 
fault. 

17. A circuit breaker as substantially herefnbefore described with reference to the 
accompanying drawings. 

18. A method for testing the operation of a circuit breaker as substantially hereinbefore 
described. 



19. 



A power distribution system as substantially hereinbefore described with reference 
to the accompanying drawings. 
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FIG. 5 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

Q^ACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□'lines or marks ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR £XHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



